Introduction
There are several motivations for studying masses and lifetimes of the hadrons containing a heavy quark, either the bottom or the charm quark. First, the mass and the lifetime are fundamental properties of an elementary particle. Second, the spectroscopy of hadrons gives insights into the QCD potential between quarks. In particular, a symmetry exists 1 for heavy hadrons when the heavy quark mass is taken to be infinite, providing a powerful tool to predict and understand properties of those heavy hadrons. Third, studies of the lifetimes of heavy hadrons probe their decay mechanisms. A measurement of the lifetime, or the total decay width, is necessary when we extract magnitudes of elements of the Kobayashi-Maskawa matrix 2 . Again, in the limit of an infinite heavy quark mass things become simple and the decay of a heavy hadron should be the decay of the heavy quark Q. This leads to a prediction that all hadrons containing the heavy quark Q should have the same lifetime, that of the quark Q. This is far from reality in the case of charm hadrons, where the D + meson lifetime is about 2.5 times longer than the D 0 meson lifetime. Perhaps the charm quark is not heavy enough. The simple quark decay picture should be a better approximation for the bottom hadrons because of the larger b quark mass.
On the experimental side, the measurements and knowledge of the heavy hadrons (in particular bottom hadrons) have significantly improved over the last decade, thanks to high statistics data accumulated by various experiments. We shall review recent developments in these studies in the remainder of this manuscript. 
Charm Hadron Spectroscopy
Let us consider mesons consisting of a charm quark c and a light antiquarkq (Figure 1(left) ). The ground states are the pseudoscalar (D) and the vector (D * ) mesons, which have long been established. They have zero orbital angular momentum (L = 0) between the quarks, and the total angular momentum of the mesons are given by addition of two spin 1/2 particles, namely J = S = 0 or 1.
If we allow for one unit of orbital angular momentum (L = 1) and combine it with the total spin S of the cq system, there will be four states, J P = 1 + , 0 + , 1 + and 2 + . These states are sometimes called the D * * mesons. They are expected to decay predominantly to D ( * ) π pairs via the strong interaction. Angular momentum and parity conservation restrict the decay of the 0 + meson to the Dπ final state. Similarly, the 1 + meson decays only to D * π pairs. The 2 + meson can decay either to D * π or Dπ. In the limit of an infinite heavy quark mass, m Q = ∞, the light degree of freedom is decoupled from the heavy quark, and the total angular momentum of the light antiquark j = L + sq is a good quantum number. In this case the four states above form two doublets, each having j = 1/2 (J = 0, 1) or j = 3/2 (J = 1, 2), where two members of each doublet are degenerate in mass, width and other quantum numbers. The decay of the j = 3/2 doublet proceeds through a D-wave, while the decay of the j = 1/2 doublet proceeds through an S-wave. Therefore, the j = 3/2 doublet is expected to be narrow and the j = 1/2 doublet to be wide. − 79 ± 26 ± 36 MeV/c 2 . Also the branching fraction is measured to be 
, at 348.6 ± 0.6 (charged) and 347.2 ± 0.7 MeV/c 2 (neutral). An upper limit on the width is placed to be Γ < 3.5 (charged) and < 6.5 (neutral) MeV/c 2 . They are interpreted as the The B * * states have also been observed. Here we describe an L3 analysis 9 as a recent example. The B mesons are reconstructed inclusively using secondary vertices and are combined with pion candidates coming from the primary vertex. the narrow and the wide states is performed, assuming, within each doublet, the mass splitting of 12 MeV/c 2 and equal widths, and relative production rates according to 2J + 1 spin counting. This yields m = 5768 ± 5 ± 6 MeV/c 
Bottom Hadron Lifetimes
The bottom hadrons are expected to have smaller lifetime differences among the different hadron species, of order 10% at most 17 . This poses a challenge to experiments, because it requires great precision to find and establish such small differences. The B hadron lifetime measurements performed thus far can be classified into three broad classes, using (a) inclusive B reconstruction, (b) partial reconstruction (e.g. semileptonic decays) and (c) full reconstruction (e.g. J/ψK ( * ) , D ( * ) nπ). Method (a) gives the largest statistics, but samples are less pure in terms of isolating the various B hadron species, and the selection procedure introduces a bias in the proper time distribution of the candidates that needs to be carefully accounted for. Method (b) gives respectable statistics and sample purity. Method (c) gives clean signature, perfect purity, and very precise momentum estimate on an event-by-event basis, but suffers from small branching fractions and thus low statistics. Here we describe two measurements, using method (a) and (b), respectively. 
The charm signals are shown in Figure 5 . These two mass eigenstates could also have a substantial width difference ∆Γ of order 10%. A sizable width difference is interesting for several reasons: (a) we should see it if it indeed exists, (b) the ratio ∆m s /∆Γ is independent of CKM matrix elements and is estimated to be large (∼ −180), providing an indirect information on ∆m s , (c) it may allow CP studies using untagged decays 21 , and (d) physics beyond the Standard Model should make ∆Γ smaller.
The width difference ∆Γ manifests itself as a difference in lifetimes when measured with flavor eigenstates (e.g. semileptonic decays) and CP eigenstates. Or, the decay time distributions of flavor eigenstates can be fitted with two (long and short) components to look for a width difference. DELPHI 22 uses 3.5 M Z 0 decays and the semileptonic decay B 0 events is observed. Figure 6 shows the combined D Since I have reached the page limit, let me conclude here by saying that new data expected in the near future from CLEO-III, Belle, BaBar and Tevatron Run-II should vastly improve the kinds of measurements described here.
